(19) 



J 



Eur palsch s Pat ntamt 
Eur pean Pat nt Offic 
Office uropeen des brev ts 



(12) 



(ID EP1 067 277 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
04.12.2002 Bulletin 2002/49 

(21) Application number: 99943407.9 

(22) Date of filing: 20.09.1999 



(51) int ci 7: F02D 41/04, F02D 41/14, 
F02D 41/34, F02D 41/02, 
F01N 11/00 

(86) International application number: 
PCT/JP99/05097 

(87) International publication number: 

WO 00/043647 (27.07.2000 Gazette 2000/30) 



VHJ> 
LO 

82 



(54) EXHAUST EMISSION CONTROL DEVICE FOR INTERNAL COMBUSTION ENGINES 

ABGASKONTROLLVORRICHTUNG FUR BRENNKRAFTMASCHINEN 
DISPOSITIF ANTIPOLLUTION POUR MOTEURS A COMBUSTION INTERNE 



(84) Designated Contracting States: 
DEFRITSE 

(30) Priority: 21.01.1999 JP 1260199 

(43) Date of publication of application: 
10.01.2001 Bulletin 2001/02 

(73) Proprietor: Mitsubishi Jidosha Kogyo Kabushiki 
Kaisha 

Tokyo 108-8410 (JP) 

(72) Inventors: 

• OKADA, Kojiro, Mitsubishi Jidosha Kogyo K.K 
Tokyo 108-8410 (JP) 

• NAKAYAMA, Osamu, 
Mitsubishi Jidosha Kogyo K.K 
Tokyo 108-8410 (JP) 

• TAMURA, Yasuki, Mitsubishi Jidosha Kogyo K.K 
Tokyo 108-8410 (JP) 

• KAWASHIMA, Kazuhito, 
Mitsubishi Jidosha Kogyo K.K 
Tokyo 108-8410 (JP) 



CD 

CM 
CO 

o 

CL 
UJ 



(74) Representative: Kern, Ralf M., Dipl.-lng. 
Ralf M. Kern & Partner et al 
Postfach14 03 29 
80453 Mtinchen (DE) 



(56) References cited: 
EP-A- 0 733 786 
EP-A1-0 849 441 
WO-A1 -96/22457 
JP-A- 7 166 851 
JP-A- 2000 027 677 
JP-B2- 2 780 596 



EP-A- 0 839 996 
WO-A1 -94/1 7291 
JP-A- 7 097 917 
JP-A- 10 311 235 
JP-A- 2000 038 942 
JP-B2- 2 845 056 



• PATENT ABSTRACTS OF JAPAN vol. 1995, no. 
02, 31 March 1995 (1 995-03-31 ) & JP 06 307232 A 
(TOYOTA MOTOR CORP), 1 November 1994 
(1994-11-01) 

• PATENT ABSTRACTS OF JAPAN vol. 1997, no. 
02, 28 February 1 997 (1 997-02-28) & JP 08 2541 35 
A (NISSAN MOTOR CO LTD), 1 October 1996 
(1996-10-01) 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR} 



1 



EP 1 067 277 B1 



2 



D scription 

TECHNICAL FIELD 

[0001] The present invention relates to an exhaust pu- 
rifier for use in an internal combustion engine having in 
an exhaust path thereof a catalyst device (NOx catalyst) 
which occludes NOx contained in exhaust at a lean air- 
fuel ratio; i.e., in an oxygen-excessive atmosphere, and 
which releases occluded NOx at a stoichiometric air-fuel 
ratio or a rich air-fuel ratio; i.e., in a low-oxygen-concen- 
tration atmosphere. 

BACKGROUND ART 

[0002] Recently, in order to improve fuel economy, a 
lean-burn engine enabling combustion at a lean air-fuel 
ratio has been put into practical use. The lean-burn en- 
gine involves a problem in that a conventional three-way 
catalytic converter fails to sufficiently purify NOx in ex- 
haust during lean combustion due to its purification 
characteristics. Thus, recently there has been em- 
ployed, for example, a catalyst device (NOx catalyst) for 
purifying NOx in exhaust during lean combustion 
through occlusion of NOx contained in exhaust. 
[0003] The NOx catalyst is known to purify NOx con- 
tained in exhaust in an oxygen-excessive atmosphere 
(at a lean air-fuel ratio) through occlusion of NOx onto 
a catalyst and to release occluded NOx when oxygen 
concentration lowers (at a stoichiometric air-fuel ratio or 
a rich air-fuel ratio). Specifically, in an oxygen -excessive 
atmosphere, the NOx catalyst produces a nitrate from 
NOx contained in exhaust to thereby occlude NOx. By 
contrast, in a low-oxygen-concentration atmosphere, 
the NOx catalyst causes the nitrate occluded on the NOx 
catalyst and CO contained in exhaust to react with each 
other, thereby generating a carbonate and releasing 
NOx. 

[0004] In an oxygen-excessive atmosphere during 
lean operation, the NOx catalyst occludes NOx thereon. 
However, when the NOx catalyst becomes saturated 
with occluded NOx after continuation of lean operation, 
most NOx contained in exhaust is emitted into the at- 
mosphere. Thus, before the NOx catalyst becomes sat- 
urated with NOx, the air-fuel ratio is switched to a stoi- 
chiometric air-fuel ratio or a rich air-fuel ratio so as to 
lower the oxygen concentration of exhaust, whereby 
NOx is released and reduced to thereby restore the NOx 
occlusion capability of the NOx catalyst. According to a 
technique disclosed in, for example, Japanese Patent 
Application Laid-Open (kokai) No. 7-166913, when the 
air-fuel ratio of the engine is switched to a stoichiometric 
air-fuel ratio or a rich air-fuel ratio in order to restore the 
NOx occlusion capability of the NOx catalyst, the air-fuel 
ratio is gradually changed to a stoichiometric air-fuel ra- 
tio or a rich air-fuel ratio to thereby release and reduce 
NOx while suppressing a torque shock acting on the en- 
gine. 



[0005] When NOx is released and reduced through 
switching the air-fuel ratio of the engine to a stoichio- 
metric air-fuel ratio or a rich air-fuel ratio (CO is gener- 
ated and supplied into exhaust; i.e., to the NOx catalyst) 

5 in order to restore the NOx occlusion capability of the 
NOx catalyst, a portion of supplied CO is consumed for 
releasing occluded NOx, and residual CO is consumed 
for reducing released NOx. When a ratio at which NOx 
is reduced by means of reducers, such as the residual 

10 CO and HC, coincides with that at which NOx is re- 
leased, release of NOx and CO into the atmosphere can 
be suppressed. 

[0006] However, the technique disclosed in the above 
publication encounters difficulty in establishing coinci- 

15 dence between a ratio at which NOx is reduced and that 
at which NOx is released. This is because the NOx oc- 
clusion capability restoration performance of the NOx 
catalyst; i.e., the reusability of the NOx catalyst with 
respectto occluded NOx (NOx-releasing rate), depends 

20 on the form and amount of a catalytic component carried 
on the NOx catalyst. 

[0007] Document JP 6307232 discloses an engine 
comprising a NOx adsorption-reduction catalyst, where- 
in during a rich operation of the engine, H 2 is supplied 
25 to the exhaust to desulpusite the NOx catalyst. 

[0008] In the case of employment of an NOx catalyst 
having improved NOx occlusion capability restoration 
performance, the NOx-releasing rate, or the'rate.at 
which NOx is released from the NOx catalyst, is also 
30 improved. As a result, the amount of NOx present in ex- 
haust gas and to be reduced by means of reducers 
tends to become smaller than that of NOx to be released 
(NOx to be reduced < NOx to be released). Thus, resid- 
ual NOx which remains in exhaust gas without being re- 
35 duced is emitted into the atmosphere. By contrast, in the 
case of employment of an NOx catalyst having limited 
NOx occlusion capability restoration performance, the 
amount of NOx to be reduced tends to become greater 
than that of NOx to be released (NOx to be reduced > 
40 NOx to be released). Thus, reducers (CO, etc.) remain 
in exhaust gas and are released into the atmosphere. 
[0009] Generally, as the air-fuel ratio of the engine ap- 
proaches the rich side (as the amount of CO increases), 
the NOx-releasing rate increases. Thus, when the air- 
45 fuel ratio is shifted toward a stoichiometric air-fuel ratio 
or a rich air-fuel ratio as described in the above publica- 
tion, the NOx-releasing rate begins to increase at a near 
stoichiometric air-fuel ratio, at which the amount of CO 
begins to increase; thus, the amount of NOx to be re- 
so leased from the NOx catalyst increases. However, the 
amount of reducers (residual CO, HC, etc. which have 
not contributed to release of NOx) is not sufficient for 
reducing the increased amount of released NOx. As a 
result, released NOx remaining in exhaust gas is re- 
55 leased into the atmosphere without being reduced. 
[001 0] A conceivable solution for this problem is to in- 
crease the amount of reducers through enriching the air- 
fuel ratio of the engine. In this case, since the amount 
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of CO serving as a reducer also increases, the amount 
of NOx to be released increases. Therefore, in actuality, 
the above-mentioned relation "NOx to be reduced < 
NOx to be released" remains unchanged. As a result, 
residual NOx which remains in exhaust without being 
reduced is released into the atmosphere, constituting 
failure to suppress emission of NOx. 
[0011] Accordingly, the technique disclosed in the 
above publication encounters difficulty in establishing 
substantial coincidence between the amount of NOx to 
be reduced and that of NOx to be released and thus in- 
volves a problem in that exhaust gas characteristics are 
impaired during release of NOx from the catalyst and 
reduction of released NOx. 

[001 2] The present invention has been accomplished 
in view of the foregoing, and an object of the present 
invention is to provide an exhaust purifier for use in an 
internal combustion engine capable of reliably reducing 
NOx released from a catalyst device (NOx catalyst). 

DISCLOSURE OF THE INVENTION 

[001 3] According to an exhaust purifier of the present 
invention for use in an internal combustion engine, when 
the exhaust air-fuel ratio of the engine is switched from 
a lean air-fuel ratio to a stoichiometric air-fuel ratio or a 
rich air-fuel ratio, reducer-supplying means supplies ad- 
ditional HC as a reducer for reducing NOx released from 
an NOx catalyst device so as to reduce NOx released 
from the catalyst device without impairing exhaust gas 
characteristics. 

[001 4] Since NOx released from the NOx catalyst de- 
vice is reduced by means of the supplied reducer, NOx 
is not released into the atmosphere, thereby suppress- 
ing impairment in exhaust gas performance. 
[001 5] In the case of a cylinder-injection-type internal 
combustion engine having an injection valve for directly 
injecting fuel into a combustion chamber, the reducer- 
supplying means preferably injects fuel during an ex- 
pansion stroke or an exhaust stroke subsequent to main 
injection effected by the injection valve (injection during 
an intake stroke or injection during a compression 
stroke). 

[0016] Thus, NOx released from the catalyst device 
can be reliably reduced without need of a complicated 
device. 

[001 7] According to the exhaust purifier of the present 
invention for use in an internal combustion engine, when 
N Ox-releasing means is operated to create a low-oxy- 
gen-concentration exhaust atmosphere in order to re- 
lease NOx from an NOx catalyst, the reducer-supplying 
means additionally supplies a reducer for reducing NOx 
released into an exhaust path, at predetermined timing 
during operation of the NOx-releasing means, thereby 
reducing NOx released from the NOx catalyst without 
impairment of exhaust gas characteristics. 
[0018] Since NOx released from the catalyst device 
is reduced by means of the supplied reducer, NOx is not 



released into the atmosphere, thereby suppressing im- 
pairment in exhaust gas performance. 
[001 9] The additional HC supplied as a reducer by the 
reducer-supplying means does not increase the NOx re- 
5 leasing rate abruptly. Thus, in the case of, for example, 
a cylinder-injection-type internal combustion engine, the 
reducer-supplying means preferably assumes the form 
of fuel control for injecting additional fuel during an ex- 
pansion stroke or an exhaust stroke subsequent to main 
io injection (injection during an intake stroke or injection 
during a compression stroke) or assumes the form of an 
injection valve dedicated to injection of a reducer and 
adapted to inject fuel into an exhaust path. 
[0020] The NOx catalyst occludes NOx contained in 
15 exhaust when exhaust gas assumes a lean air-fuel ratio; 
i.e., the form of an oxygen-excessive atmosphere. The 
NOx catalyst releases occluded NOx when exhaust gas 
assumes a stoichiometric air-fuel ratio or a rich air-fuel 
ratio; i.e., the form of a low-oxygen-concentration at- 
20 mosphere. The reducer-supplying means operates at a 
predetermined period of time when exhaust gas as- 
sumes a near stoichiometric air-fuel ratio as a result of 
operation of the NOx-releasing means. In the case of 
an engine having an injection valve for injecting fuel di- 
25 rectly into a combustion chamber, the reducer-supplying 
means controls operation of the injection valve so as to 
additionally supply a reducer. 

[0021] The NOx-releasing means has a regenerative 
function for establishing a rich air-fuel ratio in exhaust 
30 gas for a first predetermined period of time and subse- 
quently establishing a near stoichiometric air-fuel ratio 
for a second predetermined period of time when NOx 
occluded on the NOx catalyst is to be released. The re- 
ducer-supplying means operates when the NOx-releas- 
35 ing means causes switching of an air-fuel ratio in ex- 
haust gas to a rich air-fuel ratio. The exhaust purifier 
includes deterioration-detecting means for detecting the 
degree of deterioration of the NOx catalyst, and correc- 
tion means for making correction so as to prolong the 
40 second predetermined period of time associated with 
the regenerative function of the NOx-releasing means 
or so as to shorten the operating period of time of the 
reducer-supplying means as the degree of deterioration 
of the NOx catalyst detected by the deterioration-detect- 
45 ing means increases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a schematic view of an internal corn- 
so bustion engine having an exhaust purifier according to 
an embodiment of the present invention; FIG. 2 is a 
block diagram of the exhaust purifier; FIG. 3 are graphs 
representing a basic NOx-releasing behavior; FIG. 4 is 
a flowchart showing the state of release of NOx effected 
55 by the exhaust purifier; FIG. 5 is a flowchart showing the 
state of release of NOx effected by the exhaust purifier; 
FIG. 6 is a timing chart showing the state of release of 
NOx; FIG. 7 is a timing chart showing the state of release 
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of NOx; FIG. 8 is a chart showing the relationship during 
NOx purge between rich-mode continuation time and 
NOx-releasing rate; FIG. 9 is a chart showing the rela- 
tionship between lean-mode continuation time and 
amount of emitted NOx; FIG. 10 is a chart showing the 
relationship between lean-mode continuation time and 
HC emission value; FIG. 11 is a chart showing dead time 
during NOx purge (during shift to rich state); FIG. 12 is 
a chart explaining optimum lean-mode continuation 
time; and FIG. 1 3 is a chart showing the effect of catalyst 
deterioration on NOx-releasing rate. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0023] Embodiments of the present invention will next 
be described in detail with reference to the drawings. 
[0024] A cylinder-injection-type straight 4-cylinder 
gasoline engine (cylinder-injection engine) 1 will be de- 
scribed as example of a multiple-cylinder cylinder-injec- 
tion-type internal combustion engine. In the cylinder-in- 
jection engine 1 , fuel injection during an intake stroke 
(intake-stroke injection mode) or fuel injection during a 
compression stroke (compression-stroke injection 
mode) can be performed through, for example, switch- 
ing of combustion modes (operation modes). The cylin- 
der-injection engine 1 enables operation at a stoichio- 
metric air-fuel ratio (stoichiometry), operation at a rich 
air-fuel ratio (rich-air-fuel-ratio operation), and operation 
at a lean air-fuel ratio (lean-air-fuel-ratio operation). Par- 
ticularly, in the compression-stroke injection mode, the 
cylinder-injection engine 1 can be operated at an ult- 
ralean air-fuel ratio, which is greater than the air-fuel ra- 
tio of a lean-air-fuel-ratio operation performed during an 
intake stroke. 

[0025] As shown in FIG. 1, a cylinder head 2 of the 
cylinder-injection engine 1 includes spark plugs 3 
mounted thereon for individual cylinders and solenoid- 
type fuel injection valves 4 mounted thereon for individ- 
ual cylinders. The injection port of the fuel injection valve 
4 opens into a combustion chamber 5 so that fuel is in- 
jected directly into the combustion chamber 5 from the 
fuel injection valve 4. A piston 7 is supported in a cylinder 
6 of the cylinder-injection engine 1 in a vertically slidable 
manner. A hemispherically depressed cavity 8 is formed 
on the top surface of the piston 7. The cavity 8 is adapted 
to generate a reverse tumble flow, which is directed 
clockwise in FIG. 1. 

[0026] The cylinder head 2 has intake ports formed 
therein in a substantially vertical direction for individual 
cylinders. The corresponding ends of an intake manifold 
9 are connected to the intake ports in a communicating 
manner. The cylinder head 2 has exhaust ports formed 
therein in a substantially horizontal direction for individ- 
ual cylinders. The corresponding ends of an exhaust 
manifold 1 0 are connected to the exhaust ports in a com- 
municating manner. An unillustrated EGR device is dis- 
posed on the exhaust manifold 10. 
[0027] An exhaust pipe (exhaust path) 11 is connect- 



ed to the exhaust manifold 10 of the engine 1. An unil- 
lustrated muffler is connected to the exhaust'pipe 1 1 via 
a small-sized three-way catalyst 1 2 located in the vicin- 
ity of the engine 1 , and via an exhaust-purifying catalyst 

5 device 13. A high-temperature sensor 14 for detecting 
exhaust temperature is disposed on the exhaust pipe 1 1 
at a portion between the three-way catalyst 12 and the 
exhaust-purifying catalyst device 13 and immediately 
upstream of the exhaust-purifying catalyst device 13; i. 

10 e., immediately upstream of an NOx catalyst 15, which 
will be described later. 

[0028] The exhaust-purifying catalyst device 13 in- 
cludes an NOx catalyst 1 5 (catalyst device) and a three- 
way catalyst 1 6. When exhaust gas assumes a lean air- 

is fuel ratio; i.e., the form of an oxygen-excessive atmos- 
phere, the NOx catalyst 15 purifies NOx contained in 
exhaust through occlusion of NOx onto the catalyst. 
When the oxygen concentration of exhaust lowers until 
exhaust gas assumes a stoichiometric air-fuel ratio or a 

20 rich air-fuel ratio, the NOx catalyst 1 5 releases occluded 
NOx. The three-way catalyst 16 has a three-way func- 
tion capable of purifying exhaust of CO, HC, and NOx 
in an atmosphere having a stoichiometric air-fuel ratio. 
The three-way catalyst 16 is disposed downstream of 

25 the NOx catalyst 15 and is adapted to reduce a portion 
of NOx released from the NOx catalyst 15 which re- 
mains unreduced. Notably, the structure of the exhaust- 
purifying catalyst device 13 is not limited to that of the 
above-described embodiment in terms of arrangement 

30 and function of the catalyst, insofar as the exhaust-pu- 
rifying catalyst device 13 includes at least one NOx cat- 
alyst 15. 

[0029] The NOx catalyst 15 has the NOx release-and- 
reduction function of once occluding NOx in an oxidizing 

35 atmosphere and releasing NOx and reducing the same 
to N 2 (nitrogen) in a reducing atmosphere in which a pre- 
dominant amount of CO is present. Specifically, the NOx 
catalyst 15 includes noble metals, such as platinum (Pt) 
and palladium (Pd), serving as catalysts, and alkali met- 

40 als, such as barium (Ba), and alkaline-earth metal, serv- 
ing as occludent substances. An NOx sensor 1 7 for de- 
tecting the NOx concentration of exhaust is disposed 
downstream of the exhaust-purifying catalyst device 13. 
[0030] An electric throttle valve 21 of a drive-by-wire 

45 (DBW) type is connected to the intake manifold 9. A 
throttle position sensor 22 for detecting throttle opening 
eth is disposed on the throttle valve 21 . A crank angle 
sensor 23 for detecting a crank angle is disposed on the 
engine 1 . The crank angle sensor 23 can detect engine 

so speed Ne. 

[0031] A vehicle is equipped with an electronic control 
unit (ECU) 31. The ECU 23 includes an input-output 
unit; a storage unit for storing a control program, a con- 
trol map, etc.; a central processing unit; a timer; and 

55 counters. The ECU 31 performs overall control of the 
exhaust purifier of the present embodiment as well as 
overall control of the cylinder-injection engine 1. Infor- 
mation detected by various sensors is input to the ECU 
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31. On the basis of the input information, the ECU 31 
determines a fuel injection mode, the amount of fuel to 
be injected, and ignition timing, and operates and con- 
trols the fuel injection valves 4, the spark plugs 3, etc. 
[0032] In the cylinder-injection engine 1, intake air 
which flows into the combustion chambers from the in- 
take manifold 9 forms a reverse tumble flow. Fuel is in- 
jected at or after a middle point of a compression stroke, 
and a small amount of fuel is collected only in the vicinity 
of the spark plug 3, which is disposed at the center of a 
top portion of the combustion chamber 5, through utili- 
zation of the reverse tumble flow. Thus, a very lean air- 
fuel ratio is established at a portion of the combustion 
chamber 5 located away from the spark plug 3. Through 
establishment of a stoichiometric air-fuel ratio or a rich 
air-fuel ratio only in the vicinity of the spark plug 3, stable 
stratified-charge combustion (stratified-charge ultralean 
combustion) is established to thereby reduce fuel con- 
sumption. 

[0033] When high output is to be obtained from the 
cylinder-injection engine 1 , fuel is injected from the fuel 
injection valve 4 during an intake stroke so as to homog- 
enize the mixture within the entire combustion chamber 
5 to a stoichiometric air-fuel ratio or a lean air-fuel ratio, 
followed by pre-mixture combustion. In this case, since 
higher output is obtained at a stoichiometric air-fuel ratio 
or a rich air-fuel ratio, fuel is injected at such timing that 
fuel is atomized or vaporized sufficiently, thereby yield- 
ing high output efficiently 

[0034] On the basis of throttle opening 0th received 
from the throttle position sensor 22 and engine speed 
Ne received from the crank angle sensor 23, the ECU 
31 obtains a target cylinder pressure corresponding to 
an engine load; i.e., target mean effective pressure Pe. 
Further, through reference to a map (not shown) with 
respect to the thus-obtained target mean effective pres- 
sure Pe and engine speed Ne, the ECU 31 determines 
a fuel injection mode. For example, when target mean 
effective pressure Pe and engine speed Ne are both low, 
the compression-stroke injection mode is selected as a 
fuel injection mode, so that fuel is injected during a com- 
pression stroke. When target mean effective pressure 
Pe or engine speed Ne increases, the intake-stroke in- 
jection mode is selected as a fuel injection mode, so that 
fuel is injected during an intake stroke. On the basis of 
target mean effective pressure Pe and engine speed 
Ne, a target air-fuel ratio (target A/F) is set so as to serve 
as a target of control for the corresponding fuel injection 
mode. On the basis of this target A/F, an appropriate 
amount of fuel to be injected is determined. 
[0035] As in the case of an ultralean combustion op- 
eration in a lean mode, when exhaust gas assumes a 
lean air-fuel ratio; i.e., the form of an oxygen-excessive 
atmosphere, the NOx catalyst 15 of the exhaust-purify- 
ing catalyst device 13 occludes NOx contained in ex- 
haust, in the form of a nitrate to thereby purify exhaust. 
When the oxygen concentration of exhaust gas lowers J 
until exhaust gas assumes a stoichiometric air-fuel ratio 



or a rich air-fuel ratio, a nitrate occluded, on the NOx 
catalyst 15 and CO contained in exhaust react to pro- 
duce a carbonate, thereby releasing NOx from the NOx 
catalyst 15. Accordingly, as occlusion of NOx onto the 

5 NOx catalyst 15 progresses, the oxygen concentration 
of exhaust is decreased through shift of the air-fuel ratio 
toward the rich side or through injection of additional fuel 
so as to supply CO, thereby releasing and reducing NOx 
occluded on the NOx catalyst 15 and thus maintaining 

10 the NOx-occluding function of the NOx catalyst 1 5. 
[0036] The ECU 31 includes NOx-releasing means 32 
for releasing NOx from the NOx catalyst 1 5 through low- 
ering of the oxygen concentration of exhaust (establish- 
ment of a low-oxygen-concentration atmosphere of ex- 
's haust). The NOx-releasing means 32 causes occluded 
NOx to be released from the NOx catalyst 15 and re- 
duced (NOx purge) in response to an instruction to re- 
lease NOx from the NOx catalyst 15 (regeneration in- 
struction). The NOx-releasing means 32 has a regener- 

20 ation function composed of a rich purge function and a 
stoichiometric feedback (S-F/B) purge function. In exe- 
cution of NOx purge, the rich purge function establishes 
a rich air-fuel ratio in exhaust for a first predetermined 
period of time, and subsequently the stoichiometric 

25 feedback purge function establishes a near stoichiomet- 
ric air-fuel ratio (a stoichiometric air-fuel ratio or an air- 
fuel ratio slightly richer than the stoichiometric air-fuel 
ratio) for a second predetermined period of time. 
[0037] The ECU 31 includes reducer-supplying 

30 means 33, which assumes the form of a pulse injection 
means. In order to additionally supply a reducer for re- 
ducing released NOx, the reducer-supplying means 33 
causes additional fuel to be injected during the latter 
stage of an expansion stroke (or during the initial stage 

35 of an exhaust stroke) at a predetermined point of time 
(upon elapse of a predetermined period of time after a 
near stoichiometric air-fuel ratio is reached as a result 
of control of the air-fuel ratio to a rich air-fuel ratio; i.e., 
when the air-fuel ratio of exhaust gas is switched to a 
rich air-fuel ratio) during release of NOx effected by the 
• NOx-releasing means 32. 
[0038] At a predetermined point of time during release 
of NOx effected by the NOx-releasing means 32, the 
pulse injection means operates so as to effect injection 

45 of additional fuel during the latter stage of an expansion 
stroke (or during the initial stage of an exhaust stroke). 
However, the pulse injection means may be operated, 
irrelevant to operation of the NOx-releasing means 32, 
when the air-fuel ratio of the engine is switched to a sto- 

50 ichiometric air-fuel ratio or a rich air-fuel ratio. Specifi- 
cally, upon an increase in load, such as upon accelera- 
tion or upon operation of an air conditioner or power 
steering, or when the air-fuel ratio of the engine is 
switched to a stoichiometric air-fuel ratio or a rich air- 

55 fuel ratio upon establishment of a negative pressure for 
a brake master vac, NOx is naturally released without 
operation of the NOx-releasing means 32. In this case, 
the pulse injection means may be operated during the 
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tatter stage of an expansion stroke (or during the initial 
stage of an exhaust stroke) so as to inject additional fuel. 
[0039] Basic operation of the above-described ex- 
haust purifier will be described with reference to FIG. 3. 
[0040] As in the case of an ultralean combustion op- 
eration in a lean mode, when exhaust gas assumes a 
lean air-fuel ratio; i.e., the form of an oxygen-excessive 
atmosphere, the NOx catalyst 15 of the exhaust-purify- 
ing catalyst device 1 3 causes oxidation of NOx con- 
tained in exhaust, thereby producing a nitrate, whereby 
NOx is occluded to purify exhaust. When the oxygen 
concentration of exhaust gas lowers until exhaust gas 
assumes a stoichiometric air-fuel ratio or a rich air-fuel 
ratio, a nitrate occluded on the NOx catalyst 15 and CO 
contained in exhaust react to produce a carbonate, 
thereby releasing NOx from the NOx catalyst 1 5. Ac- 
cordingly, as occlusion of NOx onto the NOx catalyst 15 
progresses; for example, when the cumulative time of 
lean operation exceeds a predetermined period of time, 
a regeneration instruction is sent to the NOx-releasing 
means 32. The NOx-releasing means 32 controls the 
air-fuel ratio to a stoichiometric air-fuel ratio or a rich air- 
fuel ratio so as to lower the oxygen concentration of ex- 
haust, thereby causing release of NOx from the NOx 
catalyst 15 for maintaining the function of the NOx cat- 
alyst 15 (regeneration operation). 
[0041] Specifically, as shown in FIG. 3(a),-a target air- 
fuel ratio is gradually shifted to the rich-air-fuel-ratio side 
so that exhaust gas assumes the form of a low-oxygen- 
concentration atmosphere (operation of the NOx-re- 
leasing means 32). Upon shift of a target air-fuel ratio 
to the rich-air-fuel-ratio side, as represented by a dotted 
line in FIG. 3, supply of CO begins and the NOx catalyst 
15 begins to release NOx according to the properties of 
noble metals carried thereon immediately after the NOx- 
releasing means 32 starts an NOx release operation; i. 
e., at a near stoichiometric air-fuel ratio. Since the 
amount of reducers (residual CO, HC, etc.) is not suffi- 
cient for reducing released NOx, the amount of released 
NOx becomes greater than that of NOx to be reduced. 
As a result, an unreduced portion of NOx released from 
the NOx catalyst 15 is released into the atmosphere. 
[0042] Thus, in order to additionally supply a reducer 
for reducing released NOx during regeneration opera- 
tion by the reducer-supplying means 33, as shown in 
FIG. 3, a drive pulse is generated so as to inject addi- 
tional fuel (pulse injection) through operation of the fuel 
injection valve 4, at a near stoichiometric ratio and in 
addition to main fuel injection during a compression 
stroke or intake stroke; specifically, during or after an 
expansion stroke, preferably during the latter stage of 
an expansion stroke (or during the initial stage of an ex- 
haust stroke). Pulse injection of such timing is preferred, 
since such pulse injection does not contribute to com- 
bustion and is thus less likely to affect engine output and 
can supply unburned HC (reducer). The amount of ad- 
ditional fuel to be injected is determined according to the 
amount of released NOx. 



[0043] Thus, as represented with a solid line in FIG. 
3(b), an additionally supplied reducer reduces NOx, 
thereby suppressing the amount of NOx to be released 
into the atmosphere. Accordingly, release of NOx and 
5 CO into the atmosphere can be suppressed, thereby 
preventing a problem of released NOx being emitted in- 
to the atmosphere. 

[0044] Since the basic example is described here, a 
description for the above-mentioned stoichiometric 
io feedback purge function of the NOx-releasing means 32 
is omitted. 

[0045] Supply of additional fuel for adding a reducer 
is set during a period between completion of combustion 
and completion of exhaust. Through supply of additional 
is fuel during or after an expansion stroke, preferably dur- 
ing the latter stage of an expansion stroke (or during the 
initial stage of an exhaust stroke) as described above, 
the volume of the combustion chamber 5 becomes suf- 
ficiently large, and an exhaust valve opens immediately 
20 after supply of additional fuel to thereby generate a gas 
flow. Thus, no fuel adheres to the spark plug 3. 
[0046] Preferably, noble metals to be carried oh the 
NOx catalyst 1 9 are selected appropriately so as to min- 
imize the difference between an NOx-releasing rate (the 
25 amount of NOx to be released) and an NOx-reducing 
rate (the amount of NOx to be reduced), thereby reduc- 
ing the amount of fuel to be additionally injected. 
[0047] Specific operation of the above-described ex- 
haust purifier will be described in detail with reference 
30 to FIGS. 4 to 13. In the present embodiment, an NOx 
purge is performed in the following manner: a rich purge 
is performed for a first predetermined period of time; a 
stoichiometric feedback (S-F/B) purge is performed for 
a second predetermined period of time; and a pulse in- 
35 jection is combined with the rich purge and S-F/B purge. 
[0048] Next will be described the basic idea of NOx 
release-and-reduction control, which involves a rich 
purge and a stoichiometric feedback (S-F/B) purge com- 
bined with a pulse injection. FIG. 8 shows the effect of 
40 a rich-state continuation time on NOx release-and-re- 
duction (NOx purge) performance. An upper portion of 
FIG. 8 is an imaginary diagram showing an NOx-releas- 
ing rate with a rich-mode continuation time during which 
an NOx purge is performed at a constant rich air-fuel 
45 ratio through supply of CO to the NOx catalyst 1 5. Dur- 
ing the initial stage of NOx purge after start of a rich 
mode, the NOx-releasing rate is high, so that a large 
amount of NOx is released rapidly. Since CO serving as 
a reducer is mainly consumed for releasing NOx, a re- 
so ducer is in short supply. As a result, a large amount of 
NOx is emitted without being reduced. Even when a 
larger amount of CO is supplied, through an increase in 
the degree of a rich state, in order to supply a reducer 
for reducing NOx which would otherwise be emitted 
55 without being reduced, the amount of NOx released 
from the NOx catalyst 15 increases accordingly, and 
thus the NOx-releasing rate increases. Thus, a reducer 
is in short supply after all. To cope with this problem, 
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additional fuel is injected through pulse injection so as 
to supply unburned fuel; i.e., HC, to the catalyst. Since 
HC hardly contributes to release of NOx, supply of HC 
does not increase the NOx-releasing rate. Accordingly, 
released NOx can be reduced without involving an in- 
crease in the amount of released NOx. That is, through 
adjustment of the amount of pulse injection, the NOx- 
releasing rate can be balanced with the NOx-reducing 
rate, thereby suppressing emission of unreduced NOx. 
[0049] After a certain period has elapsed after start of 
the rich mode, the NOx-releasing rate decreases. If the 
constant rich air-fuel ratio is maintained, CO serving as 
a reducer will become excessive, and thus a large 
amount of CO will be emitted without being used for re- 
duction. Since CO is supplied excessively in a region of 
a low NOx-releasing rate, the degree of the rich state 
may be lowered such that a stoichiometric air-fuel ratio 
or a slightly rich air-fuel ratio is established, so as to re- 
duce the supply of CO. Thus, emission of CO without 
use for reduction can be suppressed. 
[0050] As described above, through combination of a 
rich purge and an S-F/B purge and further a pulse injec- 
tion, an NOx purge can be carried out while minimizing 
emission of relevant exhaust gas components. 
[0051] According to the present embodiment, in the 
case of the degree of deterioration of the NOx catalyst 
15 having increased, when a rich purge is performed for 
catalytic regeneration, the NOx-releasing rate is initially 
high; consequently, a large amount of NOx is transiently 
released from the NOx catalyst 15. Subsequently, since 
release of NOx in a region of low NOx-releasing rate (a 
region in which an NOx purge is performed while a sto- 
ichiometric air-fuel ratio or a slightly rich air-fuel ratio is 
maintained) is time-consuming, the second predeter- 
mined period of time during which an S-F/B purge is per- 
formed is rendered relatively long (correction means). 
Thus, release of NOx consumes a greater amount of 
time as compared with the case of a low degree of de- 
terioration of the NOx catalyst 15. However, NOx can 
be sufficiently reduced while suppressing impairment of 
fuel economy and release of reducers (unburned HC, 
CO, etc.) into the atmosphere. 
[0052] The above-described NOx release-and-reduc- 
tion control (NOx purge control) will be described with 
reference to flowcharts of FIGS. 4 and 5 and timing 
charts of FIGS. 6 and 7. FIG. 6 shows a state in which 
the degree of deterioration of the NOx catalyst 15 is low. 
FIG. 7 shows a state in which the degree of deterioration 
of the NOx catalyst 15 is high. FIGS. 6(a) and 7(a) show 
a state of NOx concentration (corresponding to an NOx- 
releasing rate) as measured downstream of the NOx 
catalyst 1 5. FIGS. 6(b) and 7(b) show a state of the air- 
fuel ratio and a state of a drive pulse of the fuel injection 
valve 4. 

[0053] As shown in FIG. 4, in step S1 , a judgment is 
made as to whether or not the temperature T'of the 
three-way catalyst 1 6 is greater than or equal to Ts (es- 
timation from exhaust temperature as detected by 



means of the high -temperature sensor 14). When the 
temperature T of the three-way catalyst 1 6 is judged to 
be greater than or equal to Ts (i.e., it is judged that the 
temperature of the three-way catalyst 16 has reached 
5 the activation temperature Ts so that NOx purged from 
the occludent NOx catalyst 15 can be reduced), control 
proceeds to step S2. In step S2, a judgment is made as 
to whether or not the lean-mode continuation time Lt is 
greater than or equal to the first predetermined period 
10 of time t1 , or whether or not the lean-mode continuation 
time Lt is greater than or equal to the second predeter- 
mined period of time t2 and also whether or not the lean 
mode is to be switched to a stoichiometric mode. The 
first predetermined period of time t1 (lean-mode contin- 
15 uation time) is set to, for example, 30 seconds, by a 
method which will be described later. The first predeter- 
mined period of time t1 serves as a condition of judg- 
ment to be employed when operation in the lean mode 
is performed continuously. The second predetermined 
period of time t2 is set to, for example, 5 seconds, and 
serves as a condition of judgment to be employed when 
an engine is to be accelerated in the lean mode. 
[0054] A procedure for setting the lean-mode contin- 
uation time for use in NOx purge control will be de- 
scribed below. 

(1 ) When lean operation is continued, the NOx cat- 
alyst 15 is saturated with occluded NOx, followed 
by release of NOx into the atmosphere. Allowable 
breakthrough time is defined as a period of time be- 
tween start of the lean operation and the time when 
the amount of released NOx has reached a regula- 
tory amount. NOx purge control must be forcedly 
performed (forced NOx purge) so as to avoid per- 
formance of lean operation beyond the allowable 
breakthrough time. Thus, the lean-mode continua- 
tion time is desirably not greater than a predeter- 
mined value (see FIG. 9). 

(2) As shown in FIG. 10, the temperature of the 
(three-way) catalyst lowers with the lean-mode con- 
tinuation time. When the temperature of the catalyst 
lowers, the purification efficiency of the catalyst is 
impaired, resulting in an increased HC emission 
value. Thus, the lean-mode continuation time is 
preferably not greater than a predetermined value. 

(3) During NOx purge, a lean air-fuel ratio is estab- 
lished during a period of time ranging from the lean 
state to the stoichiometric state (NOx purge dead- 
time). Therefore, during the NOx purge dead-time, 
NOx is not released, but fuel economy worsens 
since the degree of the lean state decreases. Thus, 
in the case where the frequency of NOx purge in- 
creases as a result of lessening of the lean-mode 
continuation time, the percentage of the NOx purge 
dead-time in relation to the entire NOx purge time 
increases, thus worsening fuel economy. Accord- 
ingly, the lean-mode continuation time is preferably 
not greater than a predetermined value (see FIG. 
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11). 

[0055] Under the above-described conditions (1) to 
(3), the optimum lean-mode continuation time can be 
set. For example, the catalytic capacity, characteristics 
of the NOx catalyst 1 5, characteristics of the three-way 
catalysts, and a regulatory value on emission of HC 
have a certain effect on the lean-mode continuation 
time. Generally, as represented by a dotted line in FIG. 
12, from the viewpoint of HC emission value as men- 
tioned above in (2), the lean-mode continuation time is 
preferably not greater than about 40 seconds. As rep- 
resented by a solid line in FIG. 12, from the viewpoint of 
fuel economy as mentioned above in (3), the lean-mode 
continuation time is preferably not less than about 20 
seconds. Accordingly, the lean-mode continuation time 
is 20 seconds to 40 seconds, preferably 30 seconds. In 
actual operation, since acceleration and deceleration 
are involved, the steady-state operation (lean operation) 
is less likely to continue longer than such a lean-mode 
continuation time, raising no problem in actual use. The 
lean-mode continuation time may be variable depend- 
ing on the amount of NOx flowing into the NOx catalyst 
15; for example, may be mapped with respect to a ve- 
hicle speed. Also, the lean-mode continuation time may 
assume a substantially constant value. 
[0056] In step S2, when either condition is established 
(inthecaseofYES), indicating establishment of the con- 
dition for starting NOx release-and-reduction control 
(NOx purge) by regenerating means so as to release 
occluded NOx from the occludent NOx catalyst 15 and 
to reduce released NOx, control proceeds to step S3. In 
step S3, in order to perform a rich purge so that exhaust 
gas assumes a rich air-fuel ratio for the first predeter- 
mined period of time, rich purge period of time A (first 
predetermined period of time) and pulse injection period 
of time B are set. 

[0057] Rich purge period of time A is set on the basis 
of the product of an exhaust flow rate, for example, a 
mapped value of intake air volume and the degree of 
deterioration of the NOx catalyst 15, for example, a 
mapped value of travel distance (deterioration-detecting 
means). Rich purge period of time A is set to, for exam- 
ple, about 1 second to about 5 seconds. Rich purge pe- 
riod of time A is set in such a manner so as to be short- 
ened up to about two-third as travel distance increases; 
i.e., as the degree of deterioration increases. Rich purge 
period of time A is shortened for the following reason. 
As the degree of deterioration of the NOx catalyst 15 
increases, NOx release characteristics vary as shown 
in FIGS. 6(a) and 7(a); specifically, the amount of re- 
leased NOx decreases in a region of high NOx-releasing 
rate, and thus NOx release time becomes short. Thus, 
shortening of rich purge period of time A is intended to 
suppress worsening of fuel economy and release of un- 
burned HC and CO. 

[0058] Pulse injection period of time B is set on the 
basis of the product of an exhaust flow rate, for example, 



a mapped value of intake air volume and the degree of 
deterioration of the NOx catalyst 15, for example, a 
mapped value of travel distance (deterioration-detecting 
means). Pulse injection period of time B is set to, for 

5 example, about 0.1 second to about 1 second. Pulse 
injection period of time B is set in such a manner so as 
to be shortened up to about one-half as travel distance 
increases; i.e., as the degree of deterioration increases. 
Pulse injection period of time B is shortened for the fol- 

10 lowing reason. As mentioned above, as the degree of 
deterioration of the NOx catalyst 15 increases, NOx re- 
lease characteristics vary; specifically, the amount of re- 
leased NOx decreases in a region of high NOx-releasing 
rate, and thus a required amount of a reducer is small. 

15 Thus, shortening of pulse injection period of time B is 
intended to suppress worsening of fuel economy and 
release of unburned HC. 

[0059] After rich purge period of time A and pulse in- 
jection period of time B are set in step S3, control pro- 
20 ceeds to step S4. In step S4, a rich purge for rich purge 
period of time A is initiated (at ta in FIGS. 6 and 7) in 
orderto render the air-fuel ratio rich (e.g., A/F= 12). At 
this time, ignition timing, intake air volume, fuel injection 
timing, target EGR opening, etc. are controlled appro- 
25 priately so as to avoid the occurrence of a stepwise 
torque change between the lean mode and the rich 
purge mode. When the lean mode is to be switched to 
the rich purge mode, tailing of air-fuel ratio is performed 
so as to avoid a sharp change in air-fuel ratio, thereby 
30 diminishing a torque shock involved in the switching. 
[0060] In step S5, a judgment is made as to whether 
or not the air-fuel ratio has become stoichiometric in the 
process of tailing of air-fuel ratio. When the air-fuel ratio 
is judged to be stoichiometric (predetermined timing), 

35 control proceeds to step S6. In step S6, additional injec- 
tion of fuel for pulse injection period of time B is initiated 
(at tb in FIGS. 6 and 7; herein, called pulse injection). 
In the process of tailing of air-fuel ratio, when the air-fuel 
ratio passes a stoichiometric region and begins to enter 

40 a rich region, the CO concentration of exhaust gas in- 
creases rapidly, and occluded NOx is released rapidly 
in a large amount from the occludent NOx catalyst 15 
(see FIGS. 4(a) and 7(a)). As a result, the amount of CO 
or HC serving as a reducer becomes insufficient. 

45 [0061 ] Thus, pulse injection is performed at the timing 
of the air-fuel ratio becoming stoichiometric to thereby 
add a reducer. Preferably, pulse injection is performed 
at a point of time between the intermediate stage of an 
expansion stroke and the initial stage of an exhaust 

so stroke, particularly during the latter stage of an expan- 
sion stroke. Through additional injection of fuel during 
the latter stage of an expansion stroke, unburned fuel 
(reducer) is supplied into the exhaust path and is used 
for reducing NOx released from the catalyst. Injection of 

55 fuel during an expansion stroke or during an exhaust 
stroke is less likely to have an effect on the output of the 
cylinder-injection engine 1. 

[0062] As mentioned above, pulse injection is initiated 
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at the timing of the air-fuel ratio becoming stoichiomet- 
ric. If pulse injection is initiated too early, since NOx is 
not much released from the NOx catalyst 15, injected 
unburned fuel (reducer) will not be not used for reduction 
of NOx, but is released into the atmosphere, causing an 
increase in HC emission. By contrast, if pulse injection 
is initiated too late, the amount of a reducer will become 
insufficient for reducing released NOx which is increas- 
ing rapidly, causing an increase in NOx emission. 
[0063] After pulse injection is performed in step S6, 
control proceeds to step S7. In step S7, as shown in 
FIG. 5, a judgment is made as to whether or not the 
pulse injection period of time is greater than or equal to 
B. When the pulse injection period of time is judged to 
be less than B, control returns to step S6, and pulse in- 
jection is continued. When the pulse injection time is 
judged tobegreaterthanorequalto B, control proceeds 
to step S8, where the pulse injection is ended. Subse- 
quently, in step S9, a judgment is made as to whether 
or not the rich purge period of time is greater than or 
equal to A. When the rich purge period of time is judged 
to be greater than or eq ual to A, control proceeds to step 
S10, where the rich purge is ended. 
[0064] After the rich purge is ended, in order to per- 
form an S-F/B purge so as to establish a stoichiometric 
air-fuel ratio in exhaust, in step S11 , S-F/B purge period 
of time C (second predetermined period of time) is set. 
The S-F/B purge may be performed so as. to establish 
in exhaust a near stoichiometric air-fuel ratio; i.e., an air- 
fuel ratio slightly richer than a stoichiometric air-fuel ra- 
tio. 

[0065] S-F/B purge period of time C is set on the basis 
of the product of the following thee values: the last lean- 
mode continuation time; an exhaust flow rate, for exam- 
ple, a mapped value of intake air volume; and the degree 
of deterioration of the NOx catalyst 15, for example, a 
mapped value of travel distance (deterioration-detecting 
means). S-F/B purge period of time C is set to, for ex- 
ample, 0% to 50% lean-mode continuation time. S-F/B 
purge period of time C is set in such a manner that the 
S-F/B purge period of time C lengthens (% increases) 
with travel distance or with the degree of deterioration. 
Specifically, a mapped value of intake air volume is set 
such that S-F/B purge period of time C becomes 10% 
to 30% lean-mode continuation time. The thus-set S-F/ 
B purge period of time C is varied between 0 time and 
about 1 .5 times according to travel distance (according 
to deterioration). 

[0066] S-F/B purge period of time C is lengthened with 
the degree of deterioration of the NOx catalyst 1 5 for the 
following reason. As shown in FIGS. 6(a) and 7(a), as 
the degree of deterioration of the NOx catalyst 15 in- 
creases, releasing of NOx consumes time in a region of 
low NOx-releasing rate. Specifically, as deterioration of 
the NOx catalyst 15 progresses, NOx release time be- 
comes short in a region of high NOx-releasing rate and 
becomes long in a region of low NOx-releasing rate. Ac- 
cordingly, through prolongation of S-F/B purge period of 



time C, a reducer is supplied for a longer period of time 
than in the case of low degree of deterioration. As a re- 
sult, even though releasing of NOx consumes time, NOx 
can be sufficiently released and reduced. 
5 [0067] After S-F/B purge period of time C is set in step 
S11, control proceeds to step S12. In step S12, an S-F/ 
B purge is performed for S-F/B purge period of time C 
(between tc and td in FIGS. 6 and 7). At this time, ignition 
timing, intake air volume, fuel injection timing, target 
10 EGR opening, etc. are controlled appropriately so as to 
avoid the occurrence of a stepwise torque change be- 
tween the rich purge mode and the S-F/B purge mode. 
When the rich purge mode is to be switched to the S-F/ 
B purge mode, so as to avoid a sharp change in air-fuel 
is ratio, thereby diminishing a torque shock involved in the 
switching. In the case of the S-F/B purge being per- 
formed in a slight rich state, an integral-correction gain 
for use in stoichiometric feedback control may be set 
such that a gain for shift to the rich state is greater than 
20 that for shift to the lean state. 

[0068] After the S-F/B purge is performed in step S1 2, 
control proceeds to step S13. In step S13, a judgment 
is made as to whether or not the S-F/B purge period of 
time is greater than or equal to C. When the S-F/B purge 
25 period of time is judged to be less than C, control returns 
to step S12, and the S-F/B purge is continued. When 
the S-F/B purge period of time is judged to be greater 
than or equal to C, control proceeds to step S1 4, where 
the S-F/B purge is ended. 
30 [0069] FIG. 1 3 shows the effect of catalyst deteriora- 
tion on the NOx-releasing rate; specifically, S-F/B purge 
period of time, rich purge period of time, and pulse in- 
jection period of time in the case where emission of rel- 
evant exhaust gas components during NOx purge is 
35 minimized. As also seen from FIG. 13, the S-F/B purge 
period of time must be lengthened with the degree of 
catalyst deterioration, indicating an increase in a portion 
of low NOx-releasing rate. By contrast, the rich purge 
period of time and the pulse injection period of time must 
40 be shortened, indicating a decrease in a portion of high 
NOx-releasing rate. 

[0070] The above-described exhaust purifier func- 
tions in the following manner. When occluded NOx is to 
be released from the NOx catalyst 1 5 and to be reduced, 
45 a rich purge is performed for the first predetermined pe- 
riod of time, and subsequently an S-F/B purge is per- 
formed for the second predetermined period of time. In 
the case of the degree of deterioration of the NOx cat- 
alyst 15 having increased, the second predetermined 
50 period of time, during which the S-F/B purge is per- 
formed, is lengthened. In the case of the degree of de- 
terioration of the NOx catalyst 15 having increased, 
when a rich purge is performed for catalytic regenera- 
tion, the NOx-releasing rate is initially high; consequent- 
55 |y, a large amount of NOx is abruptly released from the 
NOx catalyst 1 5 in a transient manner. Subsequently, 
even though release of NOx in a region of low NOx-re- 
leasing rate becomes time-consuming, a reducer is sup- 
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plied for a longer period of time as compared to the case 
of a low degree of deterioration of the NOx catalyst 15. 
Further, in the case of the degree of deterioration of the 
NOx catalyst 15 having increased, time required for re- 
leasing NOx in a region of high NOx-releasing rate be- 
comes short. Therefore, the first predetermined period 
of time, during which the rich purge is performed, and 
the pulse injection period of time are shortened. Thus, 
NOx is sufficiently released and reduced while sup- 
pressing impairment of fuel economy and the amount of 
unburned HC and CO to be released into the atmos- 
phere, thereby reliably suppressing the amount of NOx 
to be released into the atmosphere. 
[0071] According to the above-described embodi- 
ment, a judgment is made in step S2 as to whether or 
not the lean mode must be switched to the stoichiomet- 
ric mode. Thus, even at the time of acceleration, rich 
purge, S-F/B purge, and pulse injection are performed. 
However, at the time of acceleration, since fuel injection 
is increased, the rich state is established, followed by 
stoichiometric operation. Thus, only the pulse injection 
may be performed. Further, in this case, the pulse injec- 
tion period of time may be variable depending on the 
degree of increase in fuel injection for acceleration or 
the lean-mode continuation time. At a point of time when 
a stoichiometric air-fuel ratio is reached, the pulse injec- 
tion may be started. 

[0072] According to the above-described embodi- 
ment, switching of the lean mode to the rich purge mode 
is gradually performed. When the stoichiometric state is 
established during the air-fuel ratio being tailed from the 
lean state to the rich state, the pulse injection is started. 
However, when the lean mode is instantaneously 
switched to the rich purge mode; i.e. , when tailing of the 
air-fuel ratio is not. performed, the pulse injection may 
be started simultaneously with the switching. 
[0073] According to the above-described embodi- 
ment, the three-way catalyst 1 6 is disposed downstream 
of the NOx catalyst 1 5. NOx released from the NOx cat- 
alyst 15 is reduced not only on the NOx catalyst 15 but 
also on the three-way catalyst 1 6. However, there may 
be employed the NOx catalyst 1 5 assuming the form of 
an integral, occludent three-way NOx catalyst having a 
sufficient NOx-reducing (three-way catalyst) function. In 
this case, the pulse injection is perfumed over a very 
short period to time, or may be omitted. 
[0074] Further, according to the above-described em- 
bodiment, the exhaust purifier is applied to a spark igni- 
tion engine, in which fuel is injected directly into a com- 
bustion chamber. However, the present invention may 
be applied to a diesel engine or a spark-ignition lean- 
burn engine, in which fuel is injected into a suction pipe 
and the thus-formed mixture is introduced into a com- 
bustion chamber, so long as the occludent NOx catalyst 
15 is employed for release and reduction of NOx. When 
the present invention is applied to an engine in which 
mixture is introduced into a combustion chamber, the 
reducer-supplying means may be adapted to inject ad- 



ditional fuel serving as an additional reducer into an ex- 
haust path. 

[0075] Even when the NOx catalyst 15 (catalyst de- 
vice) is deteriorated, the above-described exhaust puri- 

5 fier for use in an internal combustion engine can reliably 
reduce NOx emission while suppressing worsening of 
fuel economy and release of unburned HC and CO dur- 
ing regeneration of the NOx catalyst 1 5. 
[0076] Since NOx released from the NOx catalyst de- 

10 vice is reduced by means of an added reducer, the in- 
ternal combustion engine of the present invention does 
not encounter a problem in which released NOx is emit- 
ted into the atmosphere, thereby suppressing worsen- 
ing of exhaust gas performance. 

75 

Claims 

1 . An exhaust purifier for use in an internal combustion 
20 engine, characterized by comprising: 

an NOx catalyst device (15) disposed in an ex- 
haust path (11) of the engine (1) and having a 
function for occluding NOx contained in ex- 
25 haust at a lean air-fuel ratio in exhaust and re- 

leasing occluded NOx at a stoichiometric air- 
fuel ratio or a rich air-fuel ratio in exhaust, char- 
acterized by 

reducer-supplying means (33) for supplying ad- 
30 ditional HC as a reducer for reducing NOx re- 

leased from said NOx catalyst device (1 5) when 
an air-fuel ratio in exhaust is switched from a 
lean air-fuel ratio to a stoichimetric air-fuel ratio 
or a rich air-fuel ratio. 

35 

2. An exhaust purifier for use in an internal combustion 
engine as described in claim 1 , characterized by 

NOx-releasing means (32) for causing said 
40 NOx catalyst (15) to release NOx through 

switching an air-fuel ratio in exhaust from a lean 
air-fuel ratio to a stoichiometric air-fuel ratio or 
a rich air-fuel ratio, 

wherein said reducer-supplying means (33) ad- 
45 ditionally supplies a reducer for reducing NOx 

which is released into the exhaust path at pre- 
determined timing during said NOx-releasing 
means (32) operating. 

so 3. An exhaust purif ierfor use in an internal combustion 
engine as described in claim 1 or 2, characterized 
in that said reducer-supplying means (33) operates 
at predetermined timing when exhaust gas as- 
sumes a near stoichiometric air-fuel ratio. 

55 

4. An exhaust purifier for use in an internal combustion 
engine as described in claim 1 or 2, characterized 
in that the engine (1) comprises an injection valve 
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(4) for injecting fuel directly into a combustion cham- 
ber (5), and said reducer-supplying means (33) ad- 
ditionally supplies a reducer through control of op- 
eration of the injection valve (4). 

5. An exhaust purifierfor use in an internal combustion 
engine as described in claim 2, characterized in 
that said NOx catalyst (15) occludes NOx con- 
tained in exhaust when exhaust gas assumes a lean 
air-fuel ratio to create an oxygen-excessive atmos- 
phere, and releases occluded NOx when exhaust 
gas assumes a stoichiometric air-fuel ratio or a rich 
air-fuel ratio to create a low-oxygen-concentration 
atmosphere; 

said NOx-releasing means (32) has a regen- '5 
erative function for establishing a rich air-fuel ratio 
in exhaust gas for a first predetermined period of 
time and subsequently establishing a near stoichi- 
ometric air-fuel ratio for a second predetermined 
period of time when NOx occluded on said NOx cat- 20 
alyst (15) is to be released; and 

said reducer-supplying means (33) operates 
when said NOx-releasing means (32) causes an 
air-fuel ratio in exhaust gas to be switched to a rich 
air-fuel ratio. 25 

6. t An exhaust purifierfor use in an internal combustion 

engine as described in claim 4, characterized In 
that said reducer-supplying means (33) injects fuel 
during an expansion stroke or an exhaust stroke 30 
subsequent to a main injection effected by the in- 
jection valve (4). 

7. An exhaust purifierfor use in an internal combustion 
engine as described in claim 5, characterized by 35 
further comprising deterioration -detecting means 
for detecting a degree of deterioration of said NOx 
catalyst (15) and correction means for correcting 
the second predetermined period of time for the 
said regenerative function of said NOx-releasing *o 
means (32) so that the higher the degree of deteri- 2. 
oration of said NOx catalyst (15) detected by said 
deterioration-detecting means is, the longer the 
second predetermined period of time for the said 
regenerative function of said NOx-releasing means *5 
(32) is. 

8. An exhaust purifierfor use in an internal combustion 
engine as described in claim 1 or 2, characterized 
by further comprising deterioration-detecting 50 
means for detecting a degree of deterioration of 
said NOx catalyst (15) and correction means for 
correcting the operating period of time for said re- 
ducer-supplying means (33) so that the higher the 
degree of deterioration of said Nox catalyst (15) de- 55 
tected by said deterioration-detecting means is, the 
shorterthe operating period of time forsaid reducer- 
supplying means (33) is. 



9. Anexhaustpurifierforuseinan internal combustion 
engine as described in claim 1 , characterized in 
that the reducer-supplying means (33) operates 
when CO is supplied to said NOx catalyst (15) as a 

5 result of switching the air-fuel ratio in exhaust of said 
engine (1 ) from a lean air-fuel ratio to a stoichiomet- 
ric air-fuel ratio or a rich air-fuel ratio. 

10. An exhaustpurifierforuse in an internal combustion 
w engine as described in claim 2, characterized in 

that the reducer-supplying means (33) operates 
when CO is supplied to said NOx catalyst (1 5) by 
said NOx-releasing means (32). 



Patentanspruche 

1. Abgasreinigungsvorrichtung fur eine Brennkraft- 
maschine, dadurch gekennzeichnet, daB sie ent- 
halt: 

einen NOx-Katafysator (15), der in einem Ab- 
gasweg (11) der Maschine (1) angeordnet ist, 
und die Funktion hat, NOx zu binden, das in ei- 
nem Abgas bei einem mageren Luftkraftstoff- 
verhaltnis im Abgas enthalten ist, und gebun- 
denes NOx bei einem stochiometrischen Luft- 
kraftstoffverhaltnis oder einem fetten Luftkraft- 
stoffverhaltnis im Abgas freizusetzen, gekenn- 
zeichnet durch 

eine Reduktionsmittel-Zufuhreinrichtung (33) 
zum Zufuhren von zusatzlichem HC als Reduk- 
tionsmittel zum Reduzieren von NOx, das von 
der NOx-Katalysatorvorrichtung 15 freigesetzt 
wird, wenn ein Luftkraftstoffverhaltnis im Abgas 
von einem mageren Luftkraftstoffverhaltnis zu 
einem stochiometrischen Luftkraftstoffverhalt- 
nis oder einem fetten Luftkraftstoffverhaltnis 
umgeschaltet wird. 

Abgasreinigungsvorrichtung fur eine Brennkraft- 
maschine nach Anspruch 1, gekennzeichnet 
durch: 

eine NOx-Freisetzeinrichtung (32) zum Bewir- 
ken, daB der NOx-Katalysator (15) NOx durch 
Umschalten eines Luftkraftstoffverhaltnises im 
Abgas von einem mageren Luftkraftstoffver- 
haltnis zu einem stochiometrischen Luftkraft- 
stoffverhaltnis oder einem fetten Luftkraftstoff- 
verhaltnis freisetzt, 

wobet die Reduktionsmittel-Zufuhreinrich- 
tung (32) zusatzlich ein Reduktionsmittel zum Re- 
duzieren von NOx zufuhrt, das in den Abgasweg zu 
einem vorbestimmten Zeitpunkt freigesetzt wird, 
wahrend die NOx-Freisetzeinrichtung (32) arbeitet. 
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3. Abgasreinigungsvorrichtung fur eine Brennkraft- 
maschine nach Anspruch 1 oder 2, dadurch ge- 
kennz ichnet, daB die Reduktionsmittel-Zufuhr- 
einrichtung (33) zu einem vorbestimmten Zeitpunkt 
arbeitet, wenn das Abgas ein beinahe stochiome- 
trisches LuftkraftstoffVerhaltnis annimmt. 

4. Abgasreinigungsvorrichtung fur eine Brennkraft- 
maschine nach Anspruch 1 Oder 2, dadurch ge- 
kennzeichnet, daB die Maschine (1) ein Einspritz- 
ventil (4) enthalt, urn Kraftstoff direkt in eine Ver- 
brennungskammer (5) zu spritzen, und die Reduk- 
tionsmittel-Zufuhreinrichtung (33) zusatzlich ein 
Reduktionsmitteldurch Steuerung des Betriebs des 
Einspritzventils (4) zufiihrt. 

5. Abgasreinigungsvorrichtung fur eine Brennkraft- 
maschine nach Anspruch 2, dadurch gekenn- 
zeichnet, daB der NOx-Katalysator (15) NOx bin- 
det, das im Abgas enthalten ist, wenn das Abgas 
ein mageres LuftkraftstoffVerhaltnis annimmt, urn 
eine sauerstoffreiche Atmosphare zu erzeugen, 
und gebundenes NOx f reisetzt, wenn das Abgas ein 
stdchiometrisches LuftkraftstoffVerhaltnis oder ein 
fettes LuftkraftstoffVerhaltnis annimmt, urn eine 
sauerstoffarme Atmosphare zu erzeugen; 

wobei die NOx-Freisetzeinrichtung (32) eine 
regenerative Funktion hat, urn ein fettes Luftkraft- 
stoffVerhaltnis im Abgas fur einer erste vorbestimm- 
te Zeitperiode einzurichten, und anschlieBend ein 
beinahe stochiometrisches LuftkraftstoffVerhaltnis 
fur eine zweite vorbestimmte Zeitperiode einzurich- 
ten, wenn NOx, das auf dem NOx-Katalysator (15) 
gebunden ist, freigesetzt werden soli; und 

die Reduktionsmittel-Zufuhreinrichtung (33) 
arbeitet, wenn die NOx-Freisetzeinrichtung (32) be- 
wirkt, daB ein LuftkraftstoffVerhaltnis im Abgas zu 
einem fetten LuftkraftstoffVerhaltnis umgeschaltet 
wird. 

6. Abgasreinigungsvorrichtung fur eine Brennkraft- 
maschine nach Anspruch 4, dadurch gekenn- 
zeichnet, daB die Reduktionsmittel-Zufuhreinrich- 
tung (33) Kraftstoff wahrend eines Ausdehnungs- 
hubs oder eines Auspuffhubs nach der Hauptein- 
spritzung einspritzt, die durch das Einspritzventil (4) 
ausgefiihrt wird. 

7. Abgasreinigungsvorrichtung fur eine Brennkraft- 
maschine nach Anspruch 5, dadurch gekenn- 
zelchnet, daB sie weiterhin enthalt: eine Beein- 
trachtigungs-Detektoreinrichtung zum Erfassen ei- 
nes AusmaBes der Beeintrachtigung des NOx-Ka- 
talysators (15) und eine Korrektureinrichtung zum 
Korrigieren der zweiten vorbestimmten Zeitdauer 
fur die regenerative Funktion der NOx-Freisetzein- 
richtung (32) derart, daB je hoher das AusmaB der 
Beeintrachtigung des NOx-Katalysators (15) ist, 



das durch die Beeintrachtigungs-Detektoreinrich- 
tung erfaBt wird, umso langer die zweite vorbe- 
stimmte Zeitdauer fur die regenerative Funktion der 
NOx-Freisetzeinrichtung (32) ist. 

5 

8. Abgasreinigungsvorrichtung fur eine Brennkraft- 
maschine nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, daB sie weiterhin enthalt: eine Be- 
eintrachtigungs-Detektoreinrichtung zum Erfassen 

w eines AusmaBes einer Beeintrachtigung des NOx- 
Katalysators (15) und eine Korrektureinrichtung \ 
zum Korrigieren der Betriebszeitdauer fur die Re- 
duktionsmittel-Zufuhreinrichtung (33) derart, daB je 
hoher das AusmaB der Beeintrachtigung des NOx- 

15 Katalysators (15) ist, die durch die Beeintrachti- 
gungs-Detektoreinrichtung erfaBt wird, umso kur- 
zer die Betriebszeitdauer der Reduktionsmittel-Zu- 
fuhreinrichtung (33) ist. 

20 9. Abgasreinigungsvorrichtung fur eine Brennkraft- 
maschine nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Reduktionsmittel-Zufiihreinrich- 
tung (33) arbeitet, wenn CO dem NOx-Katalysator 
(15) infolge des Umschaltens des Luftkraftstoffver- 

25 haltnisses im Abgas der Maschine (1) von einem 
mageren LuftkraftstoffVerhaltnis zu einem stochio- 
metrischen LuftkraftstoffVerhaltnis oder einem fet- 
ten LuftkraftstoffVerhaltnis zugefuhrt wird. 

30 10. Abgasreinigungsvorrichtung fur eine Brennkraft- 
maschine nach Anspruch 2, dadurch gekenn- 
zeichnet, daB die Reduktionsmittel-Zufuhreinrich- 
tung (33) arbeitet, wenn CO dem NOx-Katalysator 
(15) durch die NOx-Freisetzeinrichtung (32) zuge- 

35 fuhrt wird. 



Revendications 

40 1. Purificateur d'echappement destine a dtre utilise 
dans un moteur a combustion interne, caracterise 
en ce qu'il comprend: 

un dispositif catalyseur a NOx (15) dispose 
45 dans un trajet d'echappement (11) du moteur 

(1) et ayant pourfonction de bloquer les NOx 
contenus dans I'echappement dans le cas d'un 
rapport air/carburant pauvre dans Techappe- 
ment, et de degager les NOx bloqu§s dans le 
so cas d'un rapport air/carburant stoechiometri- 

que ou dans le cas d'un rapport air/carburant 
riche dans Techappement, caracterise par 
des moyens de fourniture de reducteur (33) 
pourfoumir un hydrocarbure additionnel a titre 
55 de reducteur pour require les NOx degages de- 

puis ledit dispositif catalyseur a NOx (15) lors- 
qu'on bascule le rapport air/carburant dans 
Techappement depuis un rapport air/carburant 
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pauvre vers un rapport air/carburant stoechio- 
metrique, ou un rapport air/carburant riche. 

Purificateur d'echappement destine k §tre utilise 
dans un moteur a combustion interne, comme decrit 5 
dans la revendication 1 , caracterise par : 

des moyens de degagement de NOx (32) pour 
amener ledit catalyseur k NOx (15) k degager 
des NOx par commutation d'un rapport air/car- io 
burant dans rechappement depuis un rapport 
air/carburant pauvre vers un rapport air/carbu- 
rant stoechiometrique, ou un rapport air/carbu- 
rant riche ; 

dans lequet lesdits moyens de foumiture de re- 15 
ducteur (33) fournissent additionnellement un 
reducteur afin de require les NOx qui sont de- 
gages dans le trajet d'echappement k une tem- 
porisation predetermined pendant le fonction- 
nement desdits moyens de degagement de 20 
NOx (32). 

Purificateur d'echappement destine k etre utilise 
dans un moteur a combustion interne, selon Tune 
ou I'autre des revendications 1 et 2, caracterise en 25 
ce que lesdits moyens de fourniture de reducteur 
(33) fonctionnent a une temporisation predetermi- 
n6e lorsque les gaz echappement adoptent un rap- 
port air/carburant proche d'un rapport stoechiome- 
trique. 30 

Purificateur d'echappement destine a etre utilise 
dans un moteur a combustion interne, selon I'une 
ou I'autre des revendications 1 et 2, caracterise en 
ce que le moteur (1 ) comprend une valve d'injection 35 
(4) pour injecter du carburant directement dans une 
chambre de combustion (5), et en ce que lesdits 
moyens de fourniture de reducteur (33) fournissent 
additionnellement un reducteur via une commande 
de fonctionnement de la valve d'injection (4). *o 

Purificateur d'echappement destine k etre utilise 
dans un moteur k combustion interne, selon la re- 
vendication 2, caracterise en ce que ledit cataly- 
seur k NOx (15) bloque les NOx contenus dans 45 
l'6chappement lorsque les gaz d'echappement 
adoptent un rapport pauvre air/carburant afin de 
cr6er une atmosphere excessive en oxygene pour 
produire une atmosphere k exces d'oxygene, eten 
ce qu'il d6gage les NOx bloqu6s lorsque les gaz so 
d'echappement adoptent une valeur air/carburant 
stoechiometrique, ou un rapport air/carburant riche 
pour cr6er une atmosphere k faible concentration 
d'oxygene ; 

lesdits moyens de degagement de NOx (32) ont une 55 
fonction de regeneration pour etablir un rapport air/ 
carburant riche dans les gaz d'echappement pen- 
dant une premiere periode pr6d6terminee et pour 



etablir ensuite un rapport air/carburant pratique- 
ment stoechiometrique pendant une deuxieme pe- 
riode predeterminee lorsqu'il s'agit de degager les 
NOx bloques sur ledit catalyseur k NOx (15); et 
lesdits moyens de fourniture de reducteur (33) fonc- 
tionnent lorsque lesdits moyens de degagement de 
NOx (32) provoquent la commutation du rapport air/ 
carburant dans les gaz d'echappement vers un rap- 
port air/carburant riche. 

6. Purificateur d'echappement destine a etre utilise 
dans un moteur k combustion interne, selon la re- 
vendication 4, caracterise en ce que lesdits 
moyens de fourniture de reducteur (33) injectent du 
carburant pendant une course d'expansion ou pen- 
dant une course d'echappement ulterieure k une in- 
jection principale effectuee par la valve d'injection 
(4). 

7. Purificateur d'echappement destine k etre utilise 
dans un moteur a combustion interne, selon la re- 
vendication 5, caracterise en ce qu'il comprend en 
outre des moyens de detection de deterioration 
pour detecter un degre de deterioration dudit cata- 
lyseur a NOx (1 5) et des moyens de correction pour 
corriger la deuxieme periode predeterminee pour la 
fonction de regeneration desdits moyens de dega- 
gement de NOx (32), de sorte que plus le degre de 
deterioration dudit catalyseur a NOx (15) detecte 
par lesdits moyens de detection de deterioration est 
eieve, plus longue sera la deuxieme periode prede- 
terminee pour la fonction de regeneration des 
moyens de degagement de NOx (32). 

8. Purificateur d'echappement destine a etre utilise 
dans un moteur k combustion interne, selon I'une 
ou i'autre des revendications 1 et 2, caracterise en 
ce qu'il comprend en outre des moyens de detec- 
tion de deterioration pour detecter un degre de de- 
terioration dudit catalyseur k NOx (15) et des 
moyens de correction pour corriger la periode de 
fonctionnement pour lesdits moyens de fourniture 
de reducteur (33) de sorte que plus le degre de de- 
terioration dudit catalyseur a NOx (15) detecte par 
lesdits moyens de detection de deterioration est 
eieve, plus courte sera la periode de fonctionne- 
ment pour lesdits moyens de fourniture de reduc- 
teur (33). 

9. Purificateur d'echappement destine k etre utilise 
dans un moteur k combustion interne, selon la re- 
vendication 1, caracterise en ce que les moyens 
de fourniture de reducteur (33) fonctionnent lorsque 
du CO est fourni audit catalyseur a NOx (1 5) en r6- 
sultat de la commutation du rapport air/carburant 
dans rechappement dudit moteur (1 ) depuis un rap- 
port air/carburant pauvre vers un rapport air/carbu- 
rant stoechiometrique ou vers un rapport air/carbu- 
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rant riche. 

10. Purificateur d'echappement destine a etre utilise 
dans un moteur a combustion interne, selon la re- 
vendication 2, caracterise en ce que les moyens 5 
de fourniture de reducteur (33) fonctionnent lorsque 
du CO est fourni audit catalyseur a NOx (15) par 
lesdits moyens de degagement de NOx (32). 
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FIG. 1 
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FIG. 2 
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FIG. 4 




SET RICH PURGE TIME A 
SET PULSE INJECTION TIME B 



S4< 



RICH PURGE 



S6 



PULSE INJECTION 



RETURN 




NO 



© 



18 



EP 1 067 277 B1 



FIG. 5 
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FIG. 6 
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